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Abstract 
The costs of fuels and energy in the Czech Republic have rapidly increased in the last two decades. This situation in the energy market 
has bolstered the interest in the development of heating and cooling systems utilizing renewable energy sources, especially solar energy. 
The utilization of renewable energy sources in residential and office buildings very often requires an effective way of thermal energy 
storage. Thermal energy storage is an essential part of most of the solar heating and cooling systems. The solar gains through the 
transparent part of the building envelope can reduce energy consumption for heating during the heating season thus saving the energy 
from conventional heat sources (electricity, natural gas, coal). On the other hand, solar heat gains through the building envelope 
contribute to overheating in summer or during the sunny days in spring and autumn. From this point of view the energy storage capacity 
of building structures plays an important role in indoor temperature control in a building. That means that building structures can be 
employed to store solar heat during the sunny and warm part of the day and release it at night when the outdoor temperature decreases. 
This approach is applicable only on sunny days with relatively high outdoor temperatures during the day and low outdoor temperatures at 
night. The sensible heat storage capacity of common building structures depends on the weight of the structure, its thermal capacity and 
the temperature difference between the start and the end of the heat storage process. Because of the thermal comfort requirements that 
limit the indoor temperature swing during the day the thermal capacity of common building materials is usually insufficient to provide 
thermal storage for this purpose. This is where latent heat thermal storage can be applied. Latent heat storage represents much more 
effective way to improve the thermal storage capacity of a building structure.  
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1. Introduction 
The built environment consumes substantial financial and natural resources, and generates a considerable waste streams. 
Building construction and operation is responsible for about 40% of the total energy consumption in the European countries. 
Heating, ventilating and air-conditioning systems consume the major part of energy for operating of buildings.  Based on 
these facts the research activities, at the Brno University of Technology, focus on the use of renewable energy sources and 
heat storage in buildings.  
The ability to store heat is important for effective use of solar energy in buildings [1]. The increased use of light-weight 
building structures results in low thermal storage capacity of the building envelope. Timber-frame buildings and skeleton 
buildings with light-weight assembled envelope containing high portion of transparent structures are responsible for thermal 
discomfort of the building occupants. This problem is commonly solved by installation of air-conditioning systems with 
high acquisition and operating costs. But the general trend towards low-energy buildings does not allow installation of
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building technologies with high energy consumption. Therefore, the attention must be paid to the materials with low weight 
and higher heat storage ability that can increase thermal comfort by the passive radiant cooling or active heating.  There are 
two common approaches to thermal energy storage – sensible heat storage and latent heat storage. Both approaches have 
certain advantages and disadvantages.  
2. Sensible heat storage 
In this technique heat is stored by changing the temperature of the storage medium. The amount of stored heat depends 
on the heat capacity of the medium, the temperature change and the amount of storage medium. Sensible heat storage can 
utilize solid or liquid storage mediums. The amount of energy stored in the medium depends on the: 
• the weight of the building structures; 
• the specific heat capacity of the materials of the structures; 
• the difference between initial and final temperature during the storage process. 
The materials used for sensible heat storage do not undergo a phase change. The most popular liquid medium is water, 
which usually needs to be contained in some kind of container. Water is very often used as a heat carrier in thermal energy 
systems and it makes a lot of sense to use it as a heat storage medium in such systems.Air is the heat carrier that accounts 
for most of the heat transfer in the built environments and that makes other materials more suitable for building-integrated 
thermal storage. Stone, reinforced concrete or brick masonry are the common materials used in building construction that 
can be employed for thermal energy storage [2]. The main advantages of sensible heat storage systems are low costs and 
long working stability. The massive building structures contribute to the thermal stability of indoor environment during hot 
days. Indoor temperature swings are very much dampened by the heat storage effect of the building structures. However, 
sensible heat storage is the least efficient method of heat storage, since much less thermal energy is involved in raising the 
temperature of a material than in melting a crystalline compound or in breaking the chemical bonds. The amount of stored 
heat is given by following equation [3]: 
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where Q is stored heat (J) 
m mass of the storage medium (kg) 
cp average thermal capacity between Ti a Tf (J.kg
-1.K-1) 
ρ density of the storage medium (kg.m
-3) 
V volume of the storage medium (m
3) 
Ti initial temperature (K) 
Tf final temperature (K) 
   Table 1. Characteristics of selected material applicable for sensible heat storage (at 20 °C) 
Material Density 
kg.m-3 
Specific heat  
J.kg–1.K–1 
Thermal capacity  
106.J.m–3.K–1 
water 
steel 
reinforced concrete 
granite 
plain concrete 
solid brick 
wood  
gypsum board 
998 
7850 
2500 
2500 
2100 
1800 
400 
750 
4182 
440 
1020 
950 
1020 
900 
2510 
1060 
4,17 
3,45 
2,55 
2,38 
2,14 
1,62 
1,00 
0,80 
3. Latent heat storage 
In latent heat storage the heat is stored by means of a reversible change of state or a phase change of the storage medium. 
The solid-liquid transformations are most commonly utilized, though solid-solid transitions have been investigated as well. 
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The latent heat storage systems also make use of some sensible heat capacity of the medium during the increase of 
temperature (outside of the melting range). The heat of fusion usually dominates, but considerable heat can be added by 
sensible storage. 
The storage capacity of latent heat storage systems is influenced by the: 
• weight of heat storage medium; 
• specific heat in solid and liquid phase; 
• difference between initial and melting temperature; 
• difference between melting and final temperature; 
• specific heat of fusion. 
The molecules of the material have much larger freedom of movement when the material is in the liquid state than when 
it is in the solid state and therefore the molecules have higher energy in the liquid state. The molecules of the material that is 
in the state of gas have a still higher degree of freedom, being almost entirely free of the intermolecular attraction, and 
correspondingly possess very high energies [4]. Solid-gas and liquid-gas phase changes are not generally used for thermal 
energy storage in building structures in spite of their highest latent heats because of the high volume changes. 
The latent heat storage media are called the Phase Change Materials (PCMs). The PCMs can be integrated in building 
structures to provide thermal storage capacity and thus to increase the thermal comfort of occupants in the buildings with 
light-weight envelope. The use of the phase change materials for latent heat storage has lagged behind that of sensible heat 
storage. This is partly because the latent heat storage systems represent a higher level of technology. Also, while concrete 
and masonry can serve a double purpose – structural strengths and thermal storage capacity – the PCM cannot be used as a 
material for load bearing structures and they need to be integrated with building structures usually in some form of surface 
finishing (plaster, wallboards, suspended ceiling tiles, etc.). 
Another very important issue with building integrated thermal storage is heat transfer between the storage material and 
the indoor environment.Many massive load bearing structures with high sensible heat storage capacity are “insulated” from 
the indoor environment by floor finishes, suspended ceilings, furnishing, etc. That significantly reduces convective and 
radiant heat transfer between the thermal storage material and the indoor environment. Indoor air that is the heat carrier for 
convective heat transfer in this case is a rather ineffective medium. The values of heat transfer coefficient at internal 
surfaces in a built environment almost never exceed 10 W.m
–2.K–1. In order to increase the value of the heat transfer 
coefficient the indoor air velocities would need to be increased and that would have a negative impact on the thermal 
comfort of the occupants. The radiant heat transfer between an occupant and the storage mass requires direct visibility, 
therefore, the unobstructed internal surfaces are the best location for building integrated thermal storage. 
Because of relatively small changes in the volume of the material the amount of stored heat during the phase change 
from solid to liquid state is equal to the change in enthalpy [5]: 
 .Q m hΔ = Δ  (2) 
where Q is stored heat (J) 
m mass of medium (kg) 
h enthalpy (J.kg
-1) 
Considering only solid-liquid transformation, heat added to the medium causes at first sensible heating of the solid 
followed by a solid – liquid phase change and sensible heating of the liquid. The amount of stored heat can be described by 
following equation [6]: 
 ( ) ( )
fTTm
ps pl pl
Ti Tm
Q m c T dT l c T dT
⎡ ⎤
⎢ ⎥= + +
⎢ ⎥
⎣ ⎦
∫ ∫ . (3) 
where Q is stored heat (J) 
m mass of the medium (kg) 
Ti initial temperature (K) 
Tf final temperature (K) 
Tm melting temperature (K) 
lpl latent heat (J.kg
-1) 
cps specific heat of solid (J.kg
-1.K-1) 
cpl specific heat of liquid (J.kg
-1.K-1) 
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The correct determination of the thermophysical properties of the PCMs is essential for the design of new applications of 
the PCMs in buildings and prediction of the influence of latent heat storage on indoor environment and energy savings. The 
design and modelling of thermal energy storage cannot be done without validated input data of the PCMs [7].  
Materials for latent heat storage can be chosen from two groups [8]: 
• organic materials; 
• inorganic materials. 
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Fig. 1. DSC curve for melting of commercial PCM - PARAFOL 18-97 during melting process – heat storage (author) 
The alkanes (paraffins) represent the largest group of organic materials used as the PCMs. The melting point of the 
paraffins depends on the number of carbon atoms. That makes paraffins usable in a variety of thermal storage application. 
One of the disadvantages of paraffins and other organic materials for the use in buildings is their flammability. The organic 
PCMs exhibit congruent melting, self – nucleation and because of their non-corrosive properties can be encapsulated in a 
number of materials including metals [9].  
In comparison to the organic materials, the inorganic materials usually have similar melting enthalpies per unit of mass, 
but higher ones per unit of volume due to their higher density [10]. Many inorganic materials are corrosive to metals. The 
phase segregation and supercooling are other disadvantages of some phase change materials that have consequences in the 
performance of thermal storage systems.  
There are some general limitations in using the PCMs with the building structures [11]: 
• PCMs may interact with the building structure and change the properties of the building materials; 
• there is the risk of leakage of liquid PCMs from the building structure; 
• most PCMs have poor thermal conductivity in the solid state. 
The limitations can be overcome by proper PCMs encapsulation. 
4. PCMs integration in building structures 
The phase change materials integrated with the building structures are one of the possible options in dealing with the 
insufficient thermal storage capacity of light-weight buildings. The applicability of the PCM-based thermal storage in 
buildings strongly depends on thermal, physical, chemical and economic criteria. The main goal of building integrated latent 
heat thermal storage is to deal with peak cooling loads. Heat gains can be stored in latent heat storage during the day and 
released at night and thus to reduce or eliminated the need for mechanical cooling (air-conditioning) in a building. 
One of the following ways can be chosen for the integration of PCMs into building materials and structures [12]: 
• impregnation of porous building materials; 
• microencapsulation – PCMs are enclosed in a polymer capsule; 
• shape – stabilized PCMs; 
• macroencapsulated PCMs in a container made of metal or plastics. 
The simplest method of the PCM integration is the direct impregnation of a porous building material with the PCM. A 
serious problem could be the interaction between the phase change materials and the porous material that can cause 
deterioration of the mechanical properties of the porous building material. 
The second method of integration is the utilization of microencapsulated phase change materials. The microcapsules are 
dispersed into the gypsum or any other matrix. In the process of microencapsulation the individual particles or droplets of 
solid or liquid material are surrounded or coated with a continuous film of polymeric material to produce capsules in the 
micrometer to millimeter range [13].   
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Fig. 2. Gypsum plaster with microencapsulated PCMs and system of capillary tubes (author) 
Fig. 2 shows the application of commercial organic microencapsulated PCMs Micronal DS 5008X (manufactured by 
BASF) in the full-scale experiments carried out at the Faculty of Civil Engineering. The microcapsules with paraffin were 
mixed with gypsum plaster. The gypsum plaster with PCM covers a system of capillary tubes for discharge of stored heat. 
The system can be used for active cooling as well.   
Table 2. Characteristics of microencapsulated PCMs (heating phase) 
Material Peak temperature 
(K) 
Stored heat 
(kJ.kg-1) 
Micronal DS 5008X 
Micronal DS 5029X 
24.3 
23.3 
86.8 
75.8 
 
The wallboard containing phase change material looks similar to a common gypsum wallboard and it can be used on the 
walls or suspended ceilings. The microencapsulated phase change materials can be combined with other building materials, 
e.g. gypsum plaster, bricks, mortar, reinforced or plain concrete and some insulation materials. Special attention has to be 
given to the choice of the capsule's material to avoid chemical reactions between the capsules and the building material [12]. 
The third kind of thermal energy storage technology is the use of novel shape-stabilized phase change materials. A low 
thermal conductivity is a disadvantage of this storage technology. The thermal conductivity of shape-stabilized phase 
change material can be improved by addition of graphite. 
 
Fig. 3. PCMs encapsulated in aluminium panel (author) 
842   Milan Ostry and Pavel Charvat /  Procedia Engineering  57 ( 2013 )  837 – 843 
Yet another technique used for integration of phase change materials in buildings is macro-capsulation. In this case the 
PCMs are contained in various types of containers. The flat-shaped containers are the best for building use but spherical 
containers can be employed in storage tanks or packed-bed thermal storages. 
Macro encapsulated phase change material can be installed in suspended ceiling and on the walls. A phase change 
material can be encapsulated in: 
• flat aluminium or plastic panel; 
• aluminium or plastic containers; 
• pouches; 
• plastic tubes; 
• plastic balls. 
Table 3. Characteristics of selected commercial PCMs proposed for macroencapsulation 
Material Peak temperature 
(K) 
Stored heat 
(kJ.kg-1) 
DELTA®-COOL 24 
Parafol 18-97 
Rubitherm SP 25 A8 
Rubitherm RT 27 
28.2 
28.9 
26.6 
27.8 
126.6 
221.3 
71.4 
139.7 
 
The aluminum containers have higher thermal conductivity then the macrocapsules made of plastics but there is a risk of 
corrosion in case of inorganic phase change materials. The plastics are compatible with a lot of inorganic phase change 
materials. 
 
Fig. 4. Encapsulated PCMs for installation in suspended ceiling (author) 
5. Conclusions 
The energy conservation is the driving factor behind many innovations in the building sector. Unfortunately, a solution to 
one problem can bring about some new problems. The widespread use of light-weight building envelopes has helped to 
reduce the transmission heat loss of buildings but it has brought about the problems with overheating during the warm 
season. A problem that did not typically occurred in buildings in the moderate climate. This new challenge can be dealt with 
in a traditional way by installation of air-conditioning systems or some new energy-efficient solutions can be found to solve 
it. 
The purpose provided thermal storage capacity for light-weight buildings is one of the options in dealing with 
overheating. This solution is not suitable for all light-weight buildings and all operation modes but it has the potential to 
reduce or eliminate the need for mechanical cooling. Even a simple shift of cooling loads from daytime to night hours 
reduces the peak electricity demand. A number of latent heat storage options for integration with building structures already 
exist and some new options are being proposed and investigated. 
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